AIm: Anterior plagiocephaly usually occurs with premature synostosis of the ipsilateral half of the coronal suture. The forehead is flattened on the affected side, with a backward and upward displacement of the affected orbit. The bulging of the calvaria may occur in the contralateral parietal area.
InTRoduCTIon
The term plagiocephaly is used to describe the unilateral flattening of an anterior or posterior quarter of the skull. Plagiocephaly may be either deformational or organic. The organic plagiocephalies are caused by premature synostosis of the coronal suture or lambdoid suture. In nearly every case, anterior plagiocephaly has been described in association with unilateral coronal synostosis (5, 8, 22 ), but it is well known also to occur in association with synostosis of other parts of the coronal ring such as the frontosphenoidal or frontoethmoidal sutures (32, 44 ). In some rare cases it has been reported to be the result of fusion of the frontosphenoidal suture or the frontozygomatic suture alone (40) . Unilateral coronal synostosis accounts for 20-30% of synostoses in infancy (4) .
In this report we aim to analyze the results of an operative series of 11 patients with anterior synostotic plagiocephaly. DOI: 10.5137/1019-5149.JTN.4095-11.1
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MATERIAL and METHodS
Eleven patients with anterior plagiocephalies were operated by a team of Plastic and Reconstructive Surgeons and Neurosurgeons between 2003 and 2010. The results were analyzed retrospectively. The following determinants were documented; ages, genders of the patients, accompanying medical conditions, the involved sutures, surgical interventions performed, hospitalization periods, complications, followup periods, preoperative and postoperative computed tomography scans.
Operative Procedure
The head and face of the patient were surgically cleaned and draped on supine position, leaving the midface and periorbital regions uncovered. The scalp was injected with 0.25% lidocaine solution with 1:200000 epinephrine. Approximately 30 ml of this solution was used. Infiltration of the solution 15 to 30 minutes before incision has improved surgery by means of vasoconstriction. A bicoronal incision was made and Raney clips were placed on both sides of the wound to maintain meticulous hemostasis. Scalp was dissected to the temporal and supraorbital region through subgaleal plane. At the upper border of the temporalis muscle the incision was made through the periosteum and the muscle was left attached to the scalp. Deep to the temporalis muscle, the temporalis fossa was exposed. Transmission to subperiosteal dissection plane was performed 1 to 2 cm above the superior orbital rim. An anteriorly based periosteal flap was created, thus exposing the supraorbital rims, the base of the nasal bone, and the superior part of the lateral orbital walls. Supraorbital nerves were released from supraorbital rim ( Figure 1A , B). The orbital roof was dissected subperiosteally. The dissection of the lateral orbit margin continued inferiorly below the frontozygomatic suture. Craniotomy was performed posterior to the fused coronal suture bilaterally. The frontal bone was removed, split, reshaped, and placed in for the optimal orientation and cosmetic result (Figure 2A-C) . The entire supraorbital bar was excised ( Figure 3A) . In a unilateral correction the bones were cut to the level of the medial orbital margin of the opposite orbit. Supraorbital bar was remodeled by advancing the synostotic side ( Figure 3B , C). The orbital bar was removed after the frontal bone was excised in all cases.
In 6 cases with severe deformities, bilateral fronto-orbital advancement was performed. The similar bone cuts were made bilaterally. Supraorbital bar was remodeled either by a interpositional-bone graft placed in the middle of the bar and/or absorbable plaque-screw. Further remodeling was established by advancing the synostotic side together with posterior positioning of the contralateral side. The forehead is split in the midline and the resulting bone pieces are adjusted and replaced in the most optimal position (Figure 4A-D) .
The supraorbital bar and frontal bones were fixated with absorbable plates, wires or sutures. The temporal muscle was also advanced back and fixed to its original location. Scalp closure was made following saline irrigation of the wound.
RESuLTS
Our neurosurgery department and plastic surgery department have an operative series of 11 patients with unilateral coronal craniosynostosis between 2003 and 2010. There were 6 girls and 5 boys affected by unilateral anterior plagiocephaly. Primary procedures were performed at an average age of 11 months, with an average postoperative follow-up of 36 months. Personal and familial histories of the patients were nonspecific.
A preoperative clinical examination was performed in all patients and physical findings were documented by photographs. The common features of all patients were the presence of unilateral flattening of the involved forehead with the orbit elevated and recessed on the affected side. The supraorbital margins were also recessed in all patients. Moreover, some degree of facial asymmetry (due to retraction of the malar bone) was evident in all children. Preoperative, The physical examinations and quantitative measurements to analyze plagiocephaly severity were performed. Preoperative and postoperative anthropometric measurements were used to document the correction of plagiocephaly, correction of elevated ( Figure 5A ) and recessed orbita (
Figure 5B), as previously described (22) . The amount of recession of the orbita was measured from the corneal apex to the supraorbital rim. The amount of elevation of the orbita was measured in relation to the other side ( Table I ). The preoperative mean height and the retrusion of the orbita were 0.68 cm and 1.87cm, respectively. Their postoperative values were determined as -0.1 cm and 0,63 cm. The patients were evaluated according to Sloan classification of surgical results regarding cosmetic improvement (Table II) and photographic documentations were prepared during follow-ups of three months. According to the Sloan classification, 5 patients were assessed to be Sloan 1 ( Figure 6A 
dISCuSSIon
Plagiocephaly is a descriptive term derived from the Greek "plagio" (oblique or slant) and "kephale" (head). The causes of anterior plagiocephaly are heterogeneous (21) . Anterior plagiocephaly results when abnormal forces act on the growing craniofacial skeleton. These forces are either external (deformational) or the result of a malformation (synostosis). The deformational forms of anterior plagiocephaly are by the most common, with reported incidence of 1 in 300 live births. The anterior plagiocephaly seen in this circumstance may be an intrauterine phenomenon or it may occur postnatally, resulting from the persistent infant head tilt and repetitive sleep positioning (27, 41) .
Anterior plagiocephaly may also be a manifestation of abnormal development of the coronal suture. Coronal synostosis may be either unilateral or bilateral. In a 21 year experience consisting of 116 patients with coronal synostosis, 47% were unicoronal, 9% bicoronal without associated syndromes, 34% were bicoronal associated with a syndrome, and the remaining 20% were associated with multiple Cunningham and Heike have identified cases of isolated sagittal and coronal synostosis with novel mutations of the transcription factor TWIST1 that causes the syndromic form of craniosynostosis known as Saethre-Chotzen syndrome (11) . This research suggests that mutations in genes that cause syndromic forms of craniosynostosis (Muenke, AntleyBixler and Saethre-Chotzen syndrome) are also associated with isolated single-suture fusion without other syndromic features. Thus, they recommend that all children with isolated unilateral or bilateral coronal synostosis are offered molecular testing for causative mutations in FGFR3 and TWIST1 (11) .
The dominance of females over males is 68% (16) . Plain radiography permits us to distinguish the malformational plagiocephaly secondary to premature synostosis of a cranial suture (6) and deformational plagiocephaly without synostosis, due to positional or functional (2) mechanisms in simple cases, but three-dimensional (3D) CT scanning is the key to the diagnosis and study of the deformation (31, 34, 36 ).
suture synostosis (35) . Anterior plagiocephaly resulting from unilateral coronal synostosisis (UCS) is a relatively uncommon disorder and occurs in 1 of 10000 live births (3). It is the third most common type of craniosynostosis (1, 10, 20) . Unilateral coronal synostosis accounts for 20-30% of synostoses in infancy. Most cases of unilateral coronal synostosis are sporadic and non syndromic. There are, however, examples of familial UCS, such as Seatre-Chotzen syndrome (7) . Unilateral coronal craniosynostosis is the most common hereditary form of single-suture fusion. First described in 1994, several families with hereditary 'non-syndromic craniosynostosis' have been reported with variable occurrence of unilateral or bilateral coronal synostosis (19) . In 1997, a mutation in fibroblast growth factor receptor 3 (FGFR3P250R) was described in patients with apparently isolated coronal craniosynostosis and is now known as Muenke syndrome (37) . This FGFR3P250R mutation has since been identified in approximately 10% of isolated unilateral coronal synostosis and a greater percentage of bilateral cases (37, 43, 46). At present, the total fronto-orbital reshaping, including the correction of the rotational deformity of the supraorbital area by multiple incomplete osteotomy and rigid fixation, has been performed. The surgical strategy is to make the deformed supraorbital area and forehead symmetric to the contralateral side. Hansen and Mulliken detailed characteristic deformities and stressed the importance of reconstruction of the supraorbital contour on the involved side. Once it is concave, an onlay cranial graft may be needed. In 1994, they described the supraorbital bar as symmetrically positioned with parallelogrammic adjustment on the contralateral side (22, 28, 49) . Early craniofacial correction for frontal plagiocephaly results in a stable, acceptable aesthetic result. The most commonly associated craniofacial characteristics are corrected well to very well if surgery is performed within the first 6 to 15 months of the child's life (45) . Symptomatic palpability of the plaque-screw used during the operation is a general problem. This problem is removed by using absorbable plaque-screws. Sufficient rigidity is provided with absorbable plaque-screws until completion of bone healing.
CT scans are used in cephalometric and antropometic measurements. There are so many technical problems for standardization of radiographic data in the patients with marked asymmetry (48) . Besides, the patient receives extra radiation from these imagining techniques. As the average age of the patients operated due craniosynostosis is low, intravenous sedation is required during these procedures. These measurements take a lot of time. The most important criterion is self-perception of the patient. But objective self assessment of the patient can be lacking. Thus, assessment disharmony between surgeons and patients is too meaningful (50) . Satisfaction of the patients and their relatives are high for both scar and skull form following plagiocephaly surgery. Many scales indicating this satisfaction were constituted. In their serial including 250 patients, Sloan et al., examined the cases regarding residual deformity, irregularity, complication, mortality and need for additional surgery. They evaluated the results with their own scales (47). Also we evaluated our cases by using this scale. Plaque-screw and/or wire were visible subcutaneously in 2 cases, they could be noticed in 3 cases by palpation, and in 1 patient visual or palpable irregularities requiring surgical correction were detected (e.g., removal of plaque-screw). None of these patients admitted reoperation. Follow-ups of the patients are going on.
More patients are required to evaluate the long-term results and the treatment parameters. Surgery outcomes by means of cosmetic improvements in skull form are generally satisfying for the parents and the patients themselves.
Unicoronal synostosis causes regional growth restriction and compensatory expansion of the neighboring tissues, producing overt frontoorbital dysmorphology. Infants with synostotic frontal plagiocephaly (unilateral coronal synostosis) have a characteristically asymmetric face and anterior cranium. Characteristic deformities ipsilateral to the synostosis include flattening of the frontal bone and ipsilateral forehead, ipsilateral elevation-recession of the supraorbital rim, narrowing and lateral deviation of the orbit. The nasal root is deviated toward the affected side, whereas the cartilaginous framework is rotated slightly to the contralateral side, as is the chin point, and elevation of the ipsilateral ear. This midfacial rotation also accounts for the anterior auricular position on the affected side. On the affected side palpebral fissure is rounded and shortened transversely. On the contralateral side, the forehead is bossed, the supraorbital rim is rotated anteroinferiorly, and the palpebral fissure can be slightly narrowed (30) . An AP radiograph usually demonstrates the characteristic harlequin eye deformity. Di Rocco and Velardi proposed classifying plagiocephaly into three groups according to the severity of the skull base asymmetry: type I presents a frontal flat and the lesser wing of the sphenoid is displaced upward without skull base asymmetry, type II presents a deviation of the ethmoid and vomer associated with a forward displacement of the petrous part of the temporal bone, and type III is the most serious form with deviation of the basal part of the occipital (15).
Bruneteau and Mulliken believe that physical examination focusing on the supraorbital rims, nasal root, ears, and malar eminences can easily distinguish between synostotic and deformational plagiocephaly (5) . Indications for surgery are to improve appearance and to relieve increased intracranial pressure when present.
Since the introduction of craniofacial surgery by Tessier in the late 1960s, the operative technique of craniosynostosis has changed. The first procedure for the treatment of synostotic frontal plagiocephaly was frontoparietal suturectomy (strip craniectomy) (12, 13) The next procedure, termed lateral canthal advancement, was described by Hoffman and Mohr (35, 23, 14, 17, 18) and later modified by Whitaker et al. and McCarthy et al. (33, 51) However, unilateral frontoorbital positioning ignored the compensational deformity in the contralateral forehead. Therefore, Marchac introduced bilateral fronto-orbital advancement; since the report of Marchac and Renier's frontal and bilateral supraorbital reshaping for plagiocephaly, several similar techniques (9, 29) have been described The plethora of reconstructive techniques described by many authors for the treatment of anterior plagiocephaly attests to the fact that no procedure has as yet entirely satisfied the needs of the surgeons to
